Using an energy components analysis of the 73 day continuous time-depth recording of a female northern elephant seal, we estimated the total daily energy requirement to be between 9.4 Meal and 10.0 Meal. Total prey energy consumed was estimated between 15.9 and 16.8 Meal/day, yielding a diet of approximately 10.7 kg of mackerel or 21.0 kg of squid or hake per day. We estimate that at least 60 % of the dives must be successful to account for the mass gained during the period at sea. Northern elephant seals Mirounga angustirostris breed in winter along the west coast of Baja Cali fornia, Mexico and California.' 3) After giving birth, a female nurses her pup daily for four weeks, fasting from food and water.4) During this time she loses about 40 % of her mass.5) At the end of lactation, she copulates, weans her pup and re turns to sea to feed. After 10 weeks at sea, she returns to the rookery to molt, a process that takes about one month. Recent studies using time-depth recorders Energy Requirements and the Parameters Used to Estimate Them
lactation at ===C> estimate energy requirements. This information coupled with information about the prey consumed allows one to-correlate intake w th for ging effort. A common assumption is that the energy available for growth and reproduction is simply the dif ference between energy intake as food and energy expended on maintenance,lO,11)
F=R+B+G +M
(1)
where F is total energy intake, M is the energy utilization associated with locomotion, R is energy for reproduction (assumed to be nearly zero during this period at sea), B is maintenance energy, and G is energy associated with growth.
These parameters are estimated in Kcal per day and each is considered below:
Maintenance Energy, B
Maintenance energy, B is proportional to 0W¢ for animals, where W is total weight in kg and 0 and if; are constants.12) In this study, the ex ponent if; was assigned a value of 0.75 and 0 was assigned a value of 70. These values are typical for most terrestrial mammals, and recent works showed them to be appropriate for phocid seals.13,H) The maintenance energy on any day U) at sea is equivalent to
where Wo is the animal's weight on the day before return to sea, DW is the average daily weight gain assuming a linear growth rate.
Growth Rate, G
The energy required for weight recovery can be estimated as
where a is the caloric density in Kcal/kg. tissue gained during the at-sea period is 4000 Kcaljkg, that is, 75% lean tissue and 25% adipose tissue.
Rate 0/ Locomotory Energy Utilization
The total daily energy utilized for locomotion during the time at sea is estimated from the dive record as
where EU) is the total work on the j-th day, $ is, the conversion coefficient from joule to cal and r; is, the overall propulsive efficiency during swim ming and diving. Values of r; for turbulent oceanic conditions are unknown. We used the estimate of r;=0.60. The daily work (E) is the sum of the work associated with each dive unit. Each dive unit is composed of four components, descent, horizontal swimming, ascent, and a surface interval ( Fig. 1 ). The total work at the i-th time on the j-th day, ECi, j), is the sum of the work associated with each of these com ponents:
where the subscript d indicates descent, u indicates ascent, h indicates horizontal swimming, fa is the total dives per day and s indicates surface interval. Each of these components is equal to:
Haizontal 5wirrming 
where p is the water density, Cd is the underwater drag coefficient, C, is the drag coefficient at the surface, r/. is the cross-sectional area, U is velocity, and L, H and X are distances travelled in the respective components.
A water density (p) of 1.024 was assumed.15) An estimated optimal underwater drag coefficient (Cd) of 0.07 W<iS used.l5) The body drag coefficient at the surface may qiffer from that underwater, so two estimates were used: a) C,=0.09, S,=1.5 m/s and b) C,=0.07, S,=1.0 m/s.w The cross-sec tional area was calculated from the average axil lary girth measured at the beginning and at the end of the period at sea. Swimming velocity for descent and ascent (Ud and Uu) were calculated directly from the dive record as descent and ascent rate. Horizontal swimming speed (Uk) and sur face swimming speed (S , ) cannot be directly measured from the dive record. Since diving occurred virtually continuously at the rate of 2.9 dives per hour during the at-sea period, and only 17% of the time was spent at the surface, the energetic expenditure in these categories is pro pably small. We estimated horizontal swimming speed (Uk) as 2.0 m/s and surface swimming speed (S , ) in the range of 1.0 to 1.5 m/s based upon the cost of transport and the preferred horizontal swim speed of adult harbor seals.15) These values were substituted into eqs. (9, 10) with surface inter" val (X=S, by Surface interval) and residual un derwater duration except descent and ascent inter vals.
Total Energy Requirements and Prey Consumption
The total energy requirement for the entire period (Q) at sea is
where N is the total number of days at sea, B(j) is the daily maintenance energy, G(j) is the daily energy allotted to growth, and M(j) is the daily cost of transport.
The total prey energy consumed must account for that portion of the prey which is indigestible, and the actual assimilation efficiency of the digestible portion. We estimate that 30% of the prey re mained undigested, and assimilation efficiency is near 90%. 1 6) Thus, approximately 60% of the consumed prey energy is available to the seal. Therefore, the total prey energy (Pe) consumed is equal to Pe=1.67 xQ (12) Results
Summary of Diving Behavior
The typical diving behavior throughout the 73 day period at sea was reported by Le Boeuf et ai.8) The qiving record for the first 20 days at sea is shown in Fig. 2 . Except for the first day at sea, the female dived repeatedly to depths averaging between 400 and 500 m. Daytime dive depths ex ceeded those at night by about 100 m, suggesting that the seal was following the daily vertical migra tion of prey in the deep scattering layer.17-18) After the first day, total dives per day ranged from 50 to 76, (td=17-76). The dive rate was 2.1 to 3.2 dives per hour with a mean surface interval between dives of less than 3.5 min.
Estimation of Energy Consumption
At departure from the rookery, the female weigh ed 242 kg (Wo), her standered length was 2.36 m, and her axillary girth was 1.44 m. Upon her return after 81 days at sea, she weighed 288 kg, her standared length was 2.38 m, and her axillary girth was 1.59 m. Ber mean cross sectional area, A, was estimated at 1800 cm2 • As this female gained 46 kg during this period, her average daily weight gain, D W, was 0.57 kg. Her dive pattern was recorded for the first 73 days at sea (N =73). The parameters and assumptions used in the cal culations are summarized in Table 1 .
Using eq. (3), we calculated the ener y required for growth (G) as 2280 Kcal/day. The main tenance energy requirement (B) increased from 4300 Kcal/day to 4840 Kcal/day, as a function of the increase in mass, and averaged 4630 Kcal/day. The total energy utilized for locomotion (M), calculated using eq. (4), was 2440 Kcal/day for C,=0.07, and 3140 for C,=0.09.
The total energy utilized for locomotion varied as a function of diving frequency (see Figs. 3 and  4) . A marked reduction in dive frequency and estimated energy utilization for locomotion oc curred at 15-20 day intervals,
The daily mean energy requirement Q/N from eq. (11) is 9350 Kcal/day for C,=0.07, and 10050 Kcal/day for C,=0.09. Using eq. (12) we esti mate the daily mean consumed prey energy Pe/N as 15. 
Estimate of Prey Consumption
We referred to the food consumption of a young captive female northern elephant seal in aquarium to determine the validity of our estima tion.
The captive female was 2 years old and weighed 205 kg when she was brought to Kamo gawa Sea World Aquarium.
This animal was maintained on a diet of pacific mackerel. When she was fed mackerel continuously during sever al days, her mass gradually increased in the direction of the arrows shown in Fig. 5 . Then diet was controlled to decrease her mass. The process of mass control is indicated by the sym bols in the figure. Interestingly, the captive elephant sears mass increased whenever the prey mass was over 9.0 kg/day (see Fig. 5 ).
Feeding habits of elephant seals in the wild
show that hake and squid comprise a major portion of the recorded diet. In captivity elephant seals are often maintained on a diet of mackerel, and presumably take this prey in the wild as well.'9) Using the caloric density of mackerel (1587 Kcal/kg)20) and squid or hake (765 Kcal/ kg)'") we estimated that this free-ranging seal con sumed between 9.8 and 10.7 kg of pacific mackerel per day or between 2004 and 21.9 kg of squid or hake per day.
A total prey consumption of 9.8 kg of mackerel per day seems low when compared with the daily intake of a captive female elephant seal. Since the free-ranging seal must swim to catch prey, and the captive is given the prey, we might expect the total energy requirement of the former to be greater. 
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Discussion

Prey Consumption
One possible explanation for a lower than ex pected rate of prey consumption is reduced met abolism during diving. Le Boeuf et aU) suggest that elephant seals may show metabolic depression during dives and Huntley21l demonstrated a similar phenomenon during terrestrial apnea in elephant seal weanlings. If metabolism during the dive were lower than the predicted value (eq.
2), resulting in a lower average daily maintenance energy requirement, a larger portion of the con sumed prey energy could be devoted to fat de position.
Foraging Efficiency
The record shown in 
